ABSTRACT
Introduction Epidemiology
The detection rate of adnexal masses in pregnant women has increased over the time [1, 2] according to a recent study the incidence is increased by 1.5 percentage points from 2003 to 2011 [3] due to the frequent use of ultrasonography in the first trimester. The reported incidence of adnexal masses in pregnancy widely varies and it is dependent on the criteria defining the mass, including size and longevity of the lesion [1] . Some Authors state that the incidence of adnexal masses during pregnancy ranges from 1 in 81 pregnancies to 1 in 8,000 pregnancies [4] . Regarding adnexal masses complicating pregnancy some other Authors report an incidence ranging from 1 in 81 to 1 in 2,500 childbirth, with an average of 1 in 600 [5, 6] . These large variations are due to different definitions of a clinically significant mass, different methods of detection, and different type of population studied [5] . The prevalence of adnexal masses in pregnancy ranges from 1/76 to 1/2328 deliveries [7] .
Adnexal masses
The term "adnexal mass" refers to any new formation derived from the adnexa: fallopian tubes and ovaries. The majority of the adnexal masses develops from the ovary and they can be defined as benign, not requiring an invasive treatment: functional cysts and organic cysts. Organic cysts might have malignant aspects and require a specific treatment with the use of surgery and/ or chemotherapy [8, 9] . Adnexal cysts represent a very common benign condition that affects many women during both premenopausal and post-menopausal period, and they are the most common heteroplasia found in pregnant women. Functional cysts derive from an anomaly in the ovarian functioning, without any pathological organic processes undergoing them.
Follicular cysts, the most common ones, appear when ovulation doesn't occur and a follicle doesn't rupture which leads to increased fluid inside, causing the distension of the Graaf follicle. They appear as rounded, unilocular formations, with sizes ranging from 3 and 10 cm, usually containing a yellowish fluid.
Luteinic cysts are frequent and they are due to accumulation of yellowish liquid or blood inside a corpus luteum after ovulation.
They usually are 3 cm in diameter and their walls are thicker than follicular cysts.
Cystic corpus luteum forms normally after ovulation and persists for 5-9 weeks during pregnancy. This cyst produces progesterone before the placenta and it is essential to the maintenance of the pregnancy. Usually it degenerates from the eighth week. The ultrasounds images of the cystic corpus luteum can be various because of the hemorrhagic content: they can appear as simple or complex masses, and they are characterized by a peripheral ring of color at Doppler scan, called "ring of fire". The size of these cysts ranges from 2.5 up to 6 cm. The walls of corpus luteum cysts are thicker than follicular cysts [10, 11] .
Theca lutein cysts form when a follicle doesn't rupture and they are characterized by hyperplasia of the theca and granulosa cells. They are more frequently bilaterals and of variable size.
Organic cysts (or cystic neoplasia) derives from histological changes of the ovarian tissues, and they can originate from the epithelial, stromal or germinal tissue.
Serous cystadenomas are the most frequent ovarian neoplasias, originating from coelomic mesothelium, mostly unilaterals (bilaterals in 30% of the cases) variable in size till 15 cm. They can be distinguished in a simple form with smooth walls and in papillary form, containing vegetations inside or calcifications called "psammoma body". In 20% of cases they are malignant [12, 13] .
Among benign ovarian tumors the biggest is the mucinous cystadenoma, reaching even 40-50 cm, it can cause circulatory and respitatory disorders. Its external surface is opaque of translucent, blue or grayish, mostly unilateral with a malignant trasformation rate of 5% [9] .
Endometriosic cysts, also known as "endometriomas" or "chocolate cysts", are the result of the implantation of ectopic endometrial mucosa into the ovaries; they are filled up with blood which gives them the typical brown color. In 50% of cases they are bilateral, and their dimensions range from a few millimeters to 15 cm [9] . On ultrasound, there is a specific sign: the presence of weak intracystic echoes. Solely during pregnancy it is possible to see the decidualization of the endometrioma's wall, which shows vascular solid nodules at the ultrasounds. These findings are also suggestive of a malignat cyst and, thus, MRI is often required [10, 11, 14, 15] .
Dermoids cysts are the most common germ cell tumors, bilaterals in 15% of cases, usually unilocular and with a diameter ranging from a few millimeters up to 10 cm. Due to their increased mobility, they are the most of frequent cause of ovarian torsion. At ultrasounds they are very heterogeneous, and sometimes hyperechoic nodules with distal acoustic shadowing can be seen [8, 10] .
Malignant ovarian masses can originate from all ovarian tissues.
The most frequent one is cystadenocarcinoma and derives from the celomatic epithelium: sierous and mucinous cystadenomas are their benign counterpart. Other malignant ovarian masses derive from germ cells such as dysgerminomas, immature teratomas, and yolk sac tumor. Sex-cord stromal tumors are made of different combinations of cells, such as granulosa's and theca's cells, Sertoli's and Leydig's cell and fibroblast; they have a slow development and those frankly malignant are rare.
In very rare cases it's possible to find metastatic tumors from breast, intestinal and gastric cancer [10] .
Literature shows that the majority of adnexal masses in pregnancy is benign and is mostly represented by functional cysts (follicular, corpus luteum and theca lutein cysts), dermoid cysts and cystadenomas. Nevertheless malignant tumors should be taken in consideration, since the risk of malignancy varies from 0.1% and 10% (Table 1) [4, 7, [16] [17] [18] [19] [20] .
Clinical Presentation
Adnexal masses are usually asymptomatic during pregnancy, and they are incidentally diagnosed at the US or during the caesarean section. Only a small percentage of women have symptoms such as pelvic pain. The masses that persist throughout the entire pregnancy are associated with a higher risk of complications with a mostly characteristic clinical presentation [15, 19] .
Ultrasound
Ultrasound is particularly important when the mass is not well defined or when pelvic examination is limited by discomfort. In order to increase the accuracy of the method and the detection rate for malignancies, both transabdominal and transvaginal scan should be performed together as complimentary techniques [6, 10, [20] [21] [22] . The ultimate goal of the ultrasound evaluation is to stratify the risk and to help the physician in determining those adnexal masses which require only observational conservative management and the other tumefactions requiring surgical intervention [23] .
The use of the rules described by the IOTA group (International Ovarian Tumor Analysis) in the ultrasound evaluation of preand post-menopausal women has shown high sensitivity and specificity in stratifying the risk of malingnancy, and even though there are not official studies on the performance of these models during pregnancy, IOTA's guidelines have proven to be solid even in pregnant women according to some studies [2, 18, 19, 22] . First, to describe the ovarian mass with a standardized method the following terminology should be used: • Cystic content: it could be described as anechoic (black), lowlevel echogenic, 'ground glass' appearance (homogeneously dispersed echogenic cystic content), hemorrhagic (with internal thread-like structures, that can sometimes appear as star-shaped), or mixed echogenic ( Figure 1 ).
• Presence of solid papillary projections: defined as any solid projections into the cyst cavity from the cyst wall with a height greater than or equal to 3 mm.
The regularity of the internal wall: it could be regular or irregular (Figure 2 ).
• The regularity of the internal wall: it could be regular or irregular.
• Presence of septa: defined as a thin strand of tissue running across the cyst cavity from one internal surface to the contralateral surface side. They should be described in their thickness and number. Morphologic classification: All the lesions are classified morphologically in six categories: -Unilocular cyst: a cyst without septa, without solid parts or papillary projections ( Figure 3 ).
-Multilocular cyst: a cyst with at least one septum but no measurable solid components or papillary projecyions ( Figure 4 ).
-Unilocular-solid cyst: a unilocular cyst with a measurable solid component or at least one papillary structure ( Figure 5 ).
-Multilocular-solid cyst: a multilocular cyst with a measurable solid component or at least one papillary structure ( Figure 6 ).
-Solid tumor: a tumor where the solid components comprise 80% or more or the tumor when assessed in a two-dimensional section ( Figure 7 ).
• Vascularization: assigning a score from 1 to 4 based on the amount of blood flow within the septa, cyst walls, or solid tumor areas.
• Other any ultrasound features (acoustic shadows, ascites, etc.) [24] .
Based on the features acquired through ultrasound scan is possible to distinguish between potentially benign masses and potentially malignant masses by applying the algorithm designed by the IOTA group in 2008, called "10 Simple Rules" ( Figure. 8), with a sensibility of 95% and a specificity of 91% [26, 27] . According to this algorithm the features of malignancy (M-rules) are: (1) irregular solid tumor; (2) ascites; (3) at least four papillary structures; (4) irregular multilocular solid tumor with a largest diameter of at least 100 mm; and (5) very high color content on colour Doppler examination.
To predict benign tumors the following five features (B-rules) should be present: (1) unilocular cyst; (2) presence of solid components in which the largest solid part is >7mm in its largest diameter; (3) acoustic shadows; (4) smooth multilocular tumor; and (5) no detectable blood flow on Doppler examination (color score 1).
Malignancy should be suspected if one or more M-rules are present in the absence of a B-rule, vice versa, if one or more B-rules are present in the absence of an M-rule the mass is classified as benign. In 24% of cases the algorithm cannot be applied, because both M features and B features are present, of none of them are present. Where the 10 Simple Rules yield an inconclusive result, it is possible to rely on a subjective assessment of the ultrasonic findings by an experienced ultrasound examiner [23] .
According to a study of Timmernman D. et al, in case the 10 Simple Rules are inconclusive, the evaluation made by an experienced ultrasonographist has a sensibility of 91% (ranging from 88% to 94%) and a specificity of 96% (ranging from 94% to 97%) [26] .
According to the same study, the 10 Simple Rules have shown to be very accurate in many scenarios, with a sensitivity of 95% and a specificity of 96%, which makes it the best tool that can be used nowadays for the first level imaging diagnose [26] .
This study has therefore concluded that the use of the 10 Simple Rules could potentially improve the treatment of women with adnexal masses, and in all the cases in which the algorithm cannot be used a subjective evaluation is the most accurate imaging investigation if it is performed by an experienced ultrasonographist [26, 28] .
In 2014 the IOTA group developed a new risk's prediction model, called ADNEX (Assessment of Different NEoplasias in the adneXa), which is capable of distinguish among 5 types of adnexal tumors: benign, borderline, stage I and II, stage III and IV, and metastatic. This new model is based on three clinical parameter (age, serum CA 125 level and type of center referred) and six ultrasound predictors (maximal diameter of lesion, proportion of solid tissue, presence of more than 10 cyst locules, number of papillary projections, acoustic shadows, and ascites), and among these serum CA-125 level and proportion of solid tissue are the strongest predictors [29, 30] .
According to the IOTA group and to the following external validation studies [31] , the sensitivity and specificity of the ADNEX model when it comes to distinguish between benign and malignant tumor are broadly similar to those obtained with the 10 Simple Rules, and only in some circumstances is slightly higher [30] . The real innovation for the newest algorithm is represented by the ability to discern the stage of malignant tumors and to distinguish between primary tumor and secondary metastatic tumor.
Nonetheless, the ADNEX model is not standardized for adnexal masses found during pregnancy and its performances in this population must be validated.
Other diagnostic procedures
The majority of the studies we analyzed agree on the safety of MRI during pregnancy, mainly if used after the first trimester [31, 32] .
Other studies are more cautious [10] and in general all of them advise against the use of Gadolinium contrast agent because its possible adverse effects on the fetus are yet to be clarified [18] .
MRI has some advantages over ultrasound (even though nowadays the application of 3D ultrasound in some cases can give similar results): it's capable of producing 3D planar images, better differentiating tissue layers, more accurately analyzing the composition of bigger masses (e.g. leyomiomas, endometriomas and masses with solid components) and of the tissues surrounding the mass [32] . MRI can also define the extension of a malignant tumor [19] . Particularly, MRI is useful to differentiate those masses that on ultrasound appear to be adnexal but in reality originate from other organs [33] . Furthermore, if an advanced stage of malignancy is suspected, magnetic resonance can better examine the retroperitoneum, the abdominal cavity and lymph nodes to highlight their possible involvement [19] .
Nonetheless, even if MRI can provide valid diagnostic information and can be considered superior to ultrasound, its application is restricted to cases in which ultrasound results are not clear, masses are too big or when there's a high risk on malignancy and it's necessary to investigate any possible extra ovarian involvement [10] .
The application of CT scan is not advised since radiations pose a risk in terms of neurological or cardiological damages for the fetus, along with the risk of developing childhood cancers [2] . According to Hurwitz et al. if MRI is not available, after weighing up the risks for the fetus and the mother, the use of CT may be justified taking some precautions such as: (i) lowering the current tube, (ii) limiting the coverage in z axis (iii) increasing the helical pitch (iv) reducing gantry cycle time. A single multidetector-row computed tomography (MDCT) protocol exposes the foetus to 3.5 cGy; the safe limit of neurological damage is <10 cGy [10, 34] .
Tumor Markers can be measured at diagnosis, to evaluate the progress of the treatment or during follow-up. These markers are produced not only from cancerous cells but also in response to para-neoplastic conditions (e.g. Inflammation) [32] . For these reasons their sensitivity and specificity are low, and higher levels can be associated also with other benign conditions, as pregnancy itself [35] . In pregnancies complicated by obstetrical problems, the variation of these markers is even greater. The use of tumor markers during pregnancy or in pregnancy following a previous cancer is therefore limited [32] .
Cancer antigen 125 (CA 125) is only used in non-pregnant patients to monitor the non-mucinous epithelial ovarian cancer. During pregnancy is increased, with the highest concentration reported of 550 U/ml in the first trimester, therefore its application is not common due to high risk for false positive [32, 36] . Furthermore, most of pregnant patients have a stage I disease and only 50% of tumors at early stages has a CA 125 over 30 UI outside pregnancy [2, 36] .
Other tumor markers such as alpha-fetoprotein (AFP), lactate dehydrogenase (LDH) and human chorionic gonadotropin (hCG) -normally increased in germ cells tumor -have alerted values during pregnancy [2, 5, 6, 37] .
Conversely, pregnancy doesn't impact on HE4 (human epididymis protein 4) levels and HE4 can be useful in doubtful cases of pelvic masses during pregnancy, but further studies are necessary [12, 22, 38] .
Complications
Complications of an adnexal mass in pregnancy are in general similar to those of the non-pregnant population, and can be categorized in 3 general groups: emergent complications of benign or malignant masses that necessitate immediate removal (torsion, rupture), labor obstruction, and malignancy [19] . Although the unique implications of surgery during pregnancy may be considered when determining a management plan, in a urgent clinical situation when maternal health is at risk, surgery should not be delayed and women should be managed as they would be if they were not pregnant [19, 22] .
Ovarian torsion is defined by a partial or complete rotation of vascular pedicle on its long axis, usually involving the tube and ovary. If torsion persists over 36 to 48 hours, it is considered a surgical emergency, due to the risk of irreversible damage to the functional ovarian tissue [19, 39] .
Ovarian torsion is the most frequent complication in persistent masses. Its incidence is not clear: according to a study it occurs in 0.1-001% of cases [1] , in other study the incidence's rate is around 0.2% and 15% [5] , while in an other study the rate of occurance goes up to 27% [7] . What is certain is that pregnancy increases the risk of torsions, especially during the first two trimester [2, 5, 10, 40] . The reasons for most of ovarian torsions occurring during this period are the higher incidence of functional cysts during the first trimester, which are inherently at a higher risk compared to other masses [9] , and the relocation of the ovaries that occurs due to the enlargement of the uterus that pushes the adnexa outside of pelvic region. Other causes are the size of adnexal masses (with a higher risk for masses among 6 and 10cm wide) [17, 41] and a possible ovarian stimulation (73% of cases are associated with the use of reproductive assisted techniques) [10, 19] .
Ovarian torsion occurs mainly on right side, with a ratio of 3:2 between right and left side [42, 43] . This could be due to surgeons being more prone to explore the right side of abdomen in order to rule out an acute appendicitis. Another possible explanation is that the sigmoid colon helps preventing torsions of left adnexal masses [44] .
Clinical presentation is not specific and it's characterized by abdominal and/or pelvic pain, the evidence of a pelvic/abdominal mass by palpation, nausea, vomit, and in some cases fever and leukocytosis [15, 19, 45] . The diagnose is therefore difficult and requires a careful medical history that points out risk factors, an attentive physical examination and certainly an ultrasound examination of both sides [10, 19] .
On ultrasound imaging the ovary appears congested and edematous, and many small cysts can be seen peripherally. Doppler ultrasonography can show absence of blood flow, but only when the torsion is complete. The Whirpool sign is very specific, and refers to the appearance of vessels coiling in a twisted vascular pedicle on color Doppler [10, 19] .
Treating this condition requires a surgical procedure via laparoscopy. After detorsion of the adnexa, restoration of blood flow should be assessed: if recoloring and decreasing edema are noted, it is necessary only the aspiration of the hemorrhagic content, while in case of persisting signs of ischemia, adnexectomy is mandatory [19] .
The risk of ovarian malignancy is rare in pregnancy, with a reported incidence between 0.5% and 5%. Nevertheless is not an uncommon indication to surgery and it should be taken in consideration [7] . According to some Authors, since the risk of rupture for cysts greater than 5 cm of diameter persists even after the delivery, they should excised during a caesarean section [46] .
Even if rare, very large adnexal masses can determine dystocia if they are located near the lower uterine segment and below the presenting part, similar to obstructing fibroids [5] . Goh et al reported a cesarean delivery rate of 25% among women with a large adnexal mass due to arrested labor [17] .
Malignancy risk
The risk of ovarian malignancy is rare in pregnancy, with a reported incidence between 2.1% and 13,5% according to Aggarwal et al. [7] or ranging from 1 in 5000 to 1 in 47000 live birth according to Ngu et al [47] . Data cited by De Haan et al., Hoover et al. and Fruscio et al., report similar values: the incidence of malignat adnexal mass during pregnancy is reported to be between 1% and 8% [8, 18, 37] with mean reported values ranging from 4,2% to 6,1% of cases depending on the published series.
The percentage of malignant tumors or tumors of low malignant potential cited by Whitecar et al. is twice as high as previously reported (with an overall incidence of malignant adnexal masses in pregnancy of approximately 3%) [4] . The Californian study by Leiserowitz based on 4.846.505 patients suggests instead that the incidence rate is lower than 1% [48] . In closing, according to a recent meta-analysis, malignity is present in 0-4.6% of cases [5] .
Most malignancies are either of low malignant potential or germ cell tumors, and usually diagnosed in early stage in contrast with malignancies outside of pregnancy: low malignant potential tumors are almost as common as frankly malignant ones, while in the non-pregnant population borderline tumors only form a small fraction of the total ovarian cancers [5, 8, 19, 48] . Among invasive malignancies, epithelial ovarian cancer is more common than germ cell tumors [2, 48] .
Management General principle:
There is no consensus in the literature regarding surgical or conservative management of benign adnexal masses during pregnancy [2] , and some studies disagree even on the benefits of laparoscopy vs. laparotomy. Women with adnexal masses during pregnancy facing a complication (e.g. ovarian torsion or rupture) should be treated as non-pregnant women, which is with laparoscopic surgery [5, 6] . The approach to management of an asymptomatic adnexal mass diagnosed during pregnancy requires a balance between the maternal-fetal risks of surgery, the risks of mass-related complications, and the likelihood of a malignancy, all of which are considered within each patient's distinct clinical scenario and gestational age [5] .
Observation: Expectant management of an asymptomatic adnexal mass without features suggestive of malignancy is reasonable and supported by the literature [5] . The majority of adnexal masses noted on first trimester ultrasound regresses later in gestation, with a 71% to 89% rate of regression for cysts smaller than 5 cm [5, 22] .
The studies by Zanetta et al, Schmeleretal, and Plateketal support a very low incidence of malignancy (0.3%), even with non-resolving complex masses in pregnancy [37] . These studies suggest that with the use of transvaginal ultrasound for risk stratification and the low likelihood of malignancy in the pregnant population, one may advocate for postponing surgery of even complex masses found in the asymptomatic pregnant patient until postpartum state [37] .
In case of persistent masses, the risk of complications such as acute abdomen, dystocia or cancer, should be balanced to the possible risks of an antepartum surgery [19] .
According to Naqvi et al. although the true resolution rate of adnexal masses is difficult to estimate secondary to the various clinical scenarios that may prompt removal, it is clear that the majority of smaller masses do appear to resolve and thus may be reasonably managed expectantly [5] .
Surgery: Even if we don't have specific guidelines, many Authors agree that surgery is indicated for masses that persists in the second trimester, voluminous masses larger than 6-8 cm diameter, masses that are symptomatic or that present with an acute abdomen, and with a solid or mixed component (cystic and solid) with suspicion for malignancy [5, 48, 49] (Table 1) .
Symptoms evoking a complication or ascites
Masses larger than 6-8 cm diameter
Solid components, intracystic vegetations or multiocular apperance on ultrasound examination French Authors give more specific surgical indications: (1) the persistence of an adnexal mass with no evidence of spontaneous regression over the 14 th -15 th week of amenorrhea, (2) voluminous masses larger than 6-8 cm diameter, (3) symptoms evoking a complication or ascites, and (4) and solid components, intracystic vegetations or multilocular appearance on ultrasound examination, especially in case of low resistance vascularization on septa [50] .
Surgical treatment, if not urgent, should in general be delayed until the second trimester because (1) organogenesis has been completed and spontaneous fetal losses due to intrinsic fetal abnormalities have already occurred; (2) the function of corpus luteum has been replaced by the placenta, therefore, if the corpus luteum would be removed due to an ovariectomy or cystectomy, the progressing pregnancy wouldn't be interrupted; (3) most functional cysts have disappeared; (5) an acceptable operative field is still available, allowing minimal uterine manipulation and low risk of obstetric complications [19] .
Surgery performed during the third trimester, may be technically more difficult and result in an adverse obstetric outcome such as preterm labor [19, 22] . Besides, labor pain or possible complications would be difficult to differentiate from postsurgical pain. Thus, when an adnexal mass requires operative intervention late in pregnancy, the option of awaiting birth and intervention postpartum should be considered and contrasted with the alternative of a definitive surgery that may require a cesarean delivery [33] .
Nonetheless, in those situations in which surgery cannot be delayed to the second trimester, according to a recent study by Minig et al, laparoscopic surgery performed during the first trimester seems to be safe for both the fetus and the mother [51] .
Which technique is to prefer, whether laparotomy or laproscopy, is still debated in the literature [51] [52] [53] . In the past, surgical intervention for adnexal masses was performed through laparotomy [4, 52] . Nowadays laparoscopy has become the standard for adnexal masses' intervention in non-pregnant women, and its use during pregnancy has increased [4, 59] .
Benefits of laparoscopy (Table 3) in pregnancy are the same of those in the non-pregnant population, and include decreased postoperative pain, reduced need for narcotic medications, fewer wound infections, shorter hospital stay, lower estimated intra-operative blood loss and less uterine manipulation, with a consequently theoretical lower risk of preterm delivery [5, 19, 53] .
However, some concerns have been raised regarding laparoscopy in pregnancy including the lack of data regarding the effects of a pneumoperitoneum; possible injection of carbon dioxide into the uterine cavity; possible injury to the gravid uterus by a Veress needle, trocar, or surgical instrument; and the potential for fetal acidosis because of maternal conversion of carbon dioxide to carbonic acid [2, 37] .
The Society of American Gastrointestinal and Endoscopic Surgeons (SAGES) stated that laparoscopy could be safely performed in any trimester of pregnancy. This society has developed some technical recommendations for performing laparoscopy in pregnant women, which include the following:
(1) patient must be positioned in left lateral position (to minimize inferior vena cava compression); (2) initial access to the abdominal cavity can be safely performed by open surgery (Hasson) with a Veress needle or by optical trocar, as long as the location takes into account the uterine fundal height and previous incisions; (3) CO 2 insufflation with 10-15 mmHg pressure is safe, but intraoperative CO 2 monitoring by capnography is recommended; (4) pneumatic compression devices are recommended in intra-and postoperative period as well as early postoperative ambulation (for venous thromboembolism prophylaxis); (5) tocolytics should not be used prophylactically but should be considered perioperatively in the presence of preterm labor signs [5, 19, 37] .
At the time of this study there aren't prospective studies in the literature confronting laparotomy and laparoscopy in order to state which technique is better [53] . Nonetheless many observational studies have showed that treating adnexal masses with laparoscopic surgery is possible and shouldn't be considered contraindicated during pregnancy [37] .
In favor of laparoscopic surgery is the meta-analysis conducted by Yu-Xuan Liu in 2016 that, after analizing 240 patients in which laparoscopic surgery has been associated with lower postoperative risks, concluded that laparoscopic surgery could be preferable to laparotomy for suspected adnexal mass during the second trimester of pregnancy [53] .
Chemotherapy
If malignancy is identified, management is dependent on the histology and stage of disease. For tumors of low malignant potential, regardless of stage, chemotherapy is generally not recommended [49] . For epithelial malignancies, only welldifferentiated cancers that are confined to the ovary (after comprehensive surgical staging) do not need chemotherapy. For all others, a platinum and taxane-based chemotherapy is the standard of care and has been successfully administered in pregnancy [49] .
Chemotherapy for germ cell tumors, other than for stage I dysgerminoma, is typically bleomycin, etoposide, and cisplatin (BEP) [2, 54] . Clearly, the use of chemotherapy during an ongoing pregnancy carries risks and toxicities not only for the mother but also for the fetus, such as abortion, congenital malformation and neonatal problematic [49, 54, 55] . These risks are greater during the first trimester because it coincides with organogenesis [49, 55, 56] . Therefore, if chemotherapy is indicated and can't be postponed, it should be initiated during the second trimester or at the beginning of the third trimester [49, 54, 56, 57] . But considering the risks the choice between delaying treatment and interrupting the pregnancy should discuss with the patient [2] . In many reported cases of advanced disease, patients have decided to interrupt pregnancy when the diagnose was placed at the beginning of the first trimester [54] . When instead the patient wants to proceed with pregnancy neoadjuvant chemotherapy with carboplatin and paclitaxel is recommended until fetal maturity and complete surgery cytoreduction after delivery [57] .
Even if the majority of the literature shows positive outcomes both for the fetus and oncological patient, many practitioners do not feel comfortable treating those patients who wish to continue their pregnancies: in the survey conducted by Han et al. to physicians from 14 European countries it appears that 44% of those surveyed stated that they would offer termination of pregnancy as a primary treatment recommendation when malignancy was diagnosed in the first or trimester of pregnancy, and 37% would not administer chemotherapy or radiotherapy when diagnosed in the third trimester of pregnancy [20] .
We can therefore say that following studies and longer follow-up are necessary in order to determine oncological safety in these patients.
Materials and Methods
We based our review on Medline and PubMed search and our experience. The aim of our research was to review all the major evidences on the diagnostic process and therapy for the management of adnexal masses during pregnancy.
We searched Medline and PubMed using the terms "ovarian masses", "adnexal masses", "tumor markers", "pregnancy", "laparoscopy", and "laparotomy" for including articles by all authors. The bibliography of each article was reviewed to determine any further articles that could be included in this review. Using Google Scholar, we highlighted those studies with the grater citation index. Original research articles were included if they dealt with diagnosis, evaluation, or treatment of adnexal masses in pregnancy. We acquired the complete documents for all the studies, and we selected only the ones relevant to this study. 
Conclusion
Adnexal masses are rare during pregnancy, with an overall risk of malignancy that doesn't get over 5% according to most recent data, among which borderline lesions are the most frequent.
In order to determine the right therapy and reduce morbidity due to overtreatment, transabdominal and transvaginal ultrasound examination of the adnexa should be placed from the first trimester of amenorrhea.
In case a significant morphological modifications of an ovarian mass is noted, it is important to take into account the possibility of a decidualised endometrioma, even though we do not have reliable data on its incidence yet.
To this date it is still not possible to define comprehensive guidelines for the management of adnexal masses during pregnancy, and the treatment of choice should be based on the ultrasound findings and particularly on the patient's preferences.
